Objective: Aging which is accompanied by loss of skeletal muscle and increase of body fat in some adults older than 60 years does not only result in remarkable influences on daily life function but also increases the risk of cardiovascular events. This study used electrical acupuncture together with essential amino acid supplementation to treat sarcopenic obesity (SO) in male older adults. Methods: A total of 48 male participants with SO (>60 years old) were randomized to electrical acupuncture with oral essential amino acids (EA + AA) or oral essential amino acids alone (AA). Acupuncture points on the limbs were punctured and stimulated electrically once every 3 days for 12 weeks. All participants received essential amino acids orally, twice per day for 28 weeks. Body fat percentage (BFP) and appendicular skeletal muscle index (ASM/H 2 ) was determined by bioelectrical impedance analysis. Results: Both groups exhibited significant changes in BFP after 12, 20, and 28 weeks compared with baseline values; for ASM/H 2 , there were significant differences to baseline values after 12, 20, and 28 weeks in the EA + AA group, but only after 28 weeks in the AA group. Between the two groups, there were significant differences in BFP after 12, 20, and 28 weeks, and in ASM/H 2 after 20 and 28 weeks. Conclusion: Both methods decrease BFP and increase ASM/H 2 . In male older adults, electrical acupuncture with oral essential amino acids is more effective and can increase muscle mass in a shorter time than oral essential amino acids alone.
Introduction
Sarcopenic obesity (SO) is defined as loss of skeletal muscle and increase of body fat in some adults aged 60 years or older; it carries remarkable impacts on both daily functioning and cardiovascular risk [1, 2] . Fat mass reaches its peak between 60 and 75 years of age; the decrease of muscle mass is beginning near the age of 30 years and accelerates after the age of 60, with an increase of visceral and muscular fat [3, 4] . High levels of inflammation in fatty infiltrates of muscle tissue have been confirmed as an important mechanism of SO; IL-6 and tumor necrosis factor (TNF), secreted from fat cells and macrophages, exacerbate the inflammation, which thereby reduces the quality and strength of muscle tissue [5] [6] [7] . Hormonal changes contribute to the onset of SO, as determined by epidemiological investigations of Asian people: high levels of serum insulin are positively correlated with SO, while low levels of 25-OH-vitamin D are negatively correlated with SO [8, 9] . Some prospective studies have shown that low levels of testicular hormone and growth hormone result in decreased muscle mass in SO patients [10, 11] . Other investigations have revealed that low amounts of exercise and protein intake may induce SO [12, 13] .
SO in older adults should receive attention in the clinic because of its heavy burden on the family and society [14] . Resistance training and a high-protein diet seem to be the most effective methods to increase muscle mass and decrease fat [15, 16] , but a large proportion of older adults experience joint problems, which limit their ability to engage in training. Moreover, decreased food intake is another problem that faces the high-protein diet approach.
In 2008, it was shown that daily supplementation with 16 g essential amino acids (EAAs) for 8 months can increase lean mass [17] . In recent years, electrical acupuncture has been proven to promote protein synthesis in an aging amyotrophic rat, affecting muscle protein associated with the IGF (insulin-like growth factor) /PKB (protein kinase B) pathway [18] . In our clinical practice, we confirmed the improvement of muscle power in a large number of older obese patients after several months of electrical acupuncture treatment in arms or legs via simple muscle strength tests. We therefore hypothesized that electrical acupuncture may have increased the muscle mass in those patients, especially in those with sarcopenia. When combined with EAA intake, this effect may occur in a shorter period of time. In the present study, we investigated the therapeutic effects of acupuncture combined with oral EAA therapy in SO patients.
Material and Methods

Study Design and Subjects
The research involved 60 male participants aged between 60 and 80 years who had a diagnosis of SO according to the criteria from the Asian Working Group for Sarcopenia [19] and the World Health Organization (WHO). Participants were recruited from the Yuexiu District Community Pension Center in Guangzhou, from January 2016 to October 2017. The study was approved by the Hospital Ethics committee (thereby meeting the standards of the Declaration of Helsinki in its revised version of 1975 and its amendments of 1983, 1989, and 1996) ; all literate participants gave their signed informed consent, while all illiterate participants gave their verbal consent after detailed verbal explanation of the study by our staff.
Body composition was determined by bioelectrical impedance analysis (BIA). SO participants were evaluated for their appendicular skeletal muscle index (ASM/Height 2 ) as established by the Asian Working Group for Sarcopenia (male ≤ 7.0 kg/m 2 ). Obesity was diagnosed with WHO criteria of body fat percentage (BFP ≥ 25% in men).
Participants were excluded from the study if they suffered from diseases that affect fat metabolism and muscle maintenance: diabetes, hyperthyroidism or hypothyroidism, adrenalism, severe gastrointestinal dysfunction, renal insufficiency, malignant tumor, neuromuscular disease, fracture in the preceding 3 months, hemiplegia, or addiction to cigarettes. Participants with mental defects were also excluded from the study. Further, we observed the preliminary food intake of the participants and excluded those exhibiting abnormal appetites according to Basal Energy Expenditure (BEE) analysis [20] . For this, the participants were asked for weighing every kind of food before cooking and eating, recording every meal and snack, and transmitting the immediate data of food (species and weight) to the researchers over 1 week. We then calculated the total calories intake on account of the data.
The participants were randomized into two groups: the electrical acupuncture and oral EAA group (EA + AA), and the oral EAA group (AA). Randomization was performed by minimization [21] , using prognostic factors of age (weight = 2) and BFP (weight = 1); the age was stratified as 60-70 years and 70-80 years; the BFP was stratified as 25-30%, 31-36%, and ≥ 37%; and the BMI was stratified as 27-33 and 34-40 kg/m 2 . The predefined participant characteristics were all continuous data, expressed as means and standard deviations (SD). P values of <0.05 were considered to be significant.
Experimental Design and Training Program
A total of 60 male participants were included in the study. Five were excluded before the training, 5 for the intolerance to electrical acupuncture during the experiment in the EA + AA group, and 2 for health problems unrelated to the study in the AA group. Ultimately, 48 participants completed the experiment. The participants in the EA + AA group had been treated with electrical acupuncture using the LI14 and LI11 pair, and the ST31 and ST34 pair on both sides of the body. The four acupuncture points belong to the Yang meridian, and they were chosen because the Yang meridian is associated with activation in traditional Chinese medicine theory [22] . The acupuncture points were punctured 5 mm subcutaneously, using sterile disposable acupuncture needles (CE-0197; Suzhou Hualun Medical Appliance Co., Ltd., Suzhou, China), and were stimulated with an electric stimulator (KWD-808I; Changzhou YinDi Electronic Medical Device Co., Ltd., Changzhou, China) for 20 min with a frequency of 5 Hz, wave duration of 1 ms, and strength of 1.5 mA, once every 3 days for 12 weeks. The acupuncturists employed were two qualified acupuncture physicians who were blinded to the grouping situation; the researchers greeted the participants and informed the physicians of each participant's treatment needs. All participants in each group took EAAs orally twice per day (20 g in total) for 28 weeks. All participants received a reminder phone call for drug intake once every 7 days. Simple food recipes, three meals per day made by the nutritional department of the hospital, were supplied for all participants in the center. The total calories of the food were 1.58 × (13.5 × weight (kg) + 487) [23] , with the nutrition distribution of protein 10-15%, fat 20-30% and carbohydrate 55-65%. We weighed the participants every week to adjust the calories of the food. We scheduled the breakfast, lunch, and dinner at 7: 00 AM, 12: 00 noon, and 7: 00 PM. The extra food, if there is any, was also recorded; the food materials were purchased in close contact with the researchers, two cooks were responsible for the meal supply, materials were cooked and mixed solely according to the recipe. Participants were required to take all food we supplied every meal. Those who take less than 80% total calories 5 times would be excluded from the study. Thus, we could control the caloric intake to a great extent. However, we did not intervene regarding the amount of daily exercise; all participants were instructed to engage in daily moderate exercise without fatigue.
The oral EAA mixture (supplied by the nutritional department of the hospital) was administered as a nutritional support snack at 10: 00 AM and 5: 00 PM. The EAA mixture comprised 10 g/day, divided as follows The primary evaluation criteria were ASM/H 2 and BFP; the temporal points for the evaluation were before initiation, and 4, 12, and 20 weeks after initiation as well as at the end of the experiment.
We used BIA to detect BFP and ASM. The participants were required to comply with a series of rules before the detection: fast and refrain from alcohol and exercise for at least 12 h, and from food and water for 3 h; relieve the bladder at least 30 min before detection. Wear single layer cloths without any mental ornament. The time for the detection was 8: 00-10: 00 AM.
In spite of the definite food intake we supplied, we also observed and recorded the extra food intake of the participants. We therefore asked the participants for weighting every kind of extra food before cooking and eating to calculate the extra calories.
Statistical Analysis SPSS software 18.0 (IBM, Armonk, NY, USA) was applied for analyses, the data were distributed and presented as mean and SD. Statistical differences were analyzed using independent Student's t-test and paired t-test. Differences were considered significant if p < 0.05.
Results
As shown in table 1 , no significant differences were observed between the two groups at baseline regarding age, BMI, BFP, and ASM/H 2 .
As shown in table 2 , for BFP in the EA + AA group, there was no significant difference between baseline and 4 weeks, but there were significant differences at 12 weeks, 20 weeks, and 28 weeks; for BFP in the AA group, there was no significant difference between baseline and 4 weeks, but there were significant differences at 12 weeks, 20 weeks, and 28 weeks. For ASM/H 2 in the EA + AA group, there was no significant difference between baseline and 4 weeks, but there were significant differences at 12 weeks, 20 weeks, and 28 weeks. For ASM/ H 2 in the AA group, there was no significant difference between baseline and 4 weeks, 12 weeks, or 20 weeks, but there was a significant difference at 28 weeks.
As shown in figure 1 , for BFP, there was no significant difference between the two groups at 4 weeks, but there were significant differences between the groups at 12 weeks, 20 weeks, and 28 weeks. For ASM/H 2 , there was no significant difference between the groups at 4 weeks or 12 weeks, but there were significant differences at 20 weeks and 28 weeks.
Discussion
SO has attract geriatricians' interest in recent years for its detrimental effect on physical function and functional ability in older age, as it is associated with changes in skeletal muscle mass and total body fat. In Beijing, a large-scale survey of elderly people in the community showed that many elderly people suffered from SO and that this clinical picture did not receive sufficient attention and treatment [24] . Thus great expenditures of money, resources, and materials are necessary in China to treat cardiovascular diseases and fractures caused by SO. Extended clinical management regarding nutrition as well as maintenance and increase of muscle mass is important for participants suffering from SO.
The data from the present study indicate that both AA and EA + AA therapy can decrease fat mass and increase muscle mass compared to baseline values, but that EA + AA increases muscle mass in a shorter time and continues to produce therapeutic effects for the remaining 16 weeks after completion of EA. Overall, EA + AA is more effective than AA . These observations suggest that EAA supplementation and EA stimulation may be important in clinical management of SO.
A possible mechanism by which acupuncture increases muscle mass is increased muscle blood flow (MBF). In fact, early studies have shown that acupuncture increases MBF in humans [25] [26] [27] and animals [28] [29] [30] . Some researchers suggested that it the elevated MBF is caused by increases in nitric oxide and prostaglandins after acupuncture [31] . Notably, circulation improvement is beneficial for muscle growth and the mitigation of atrophy through enhancement of oxygen content in muscle tissue. Another study revealed that the stimulation of local and distant acupuncture points from the trapezius muscle was able to increase ipsilateral and contralateral muscle strength [32] . Indeed, stimulation in the points of the Yang meridian can increase the pattern of muscle response according to the Traditional Chinese Medicine theory.
In general, muscle stretches with exercise and changes in body position, thereby causing muscle spindle excitation and increased receptor sensitivity due to increased signal impulses from efferent nerves. Acupuncture is correlated with the induction of signal impulses from the muscle spindle [33] . The continuous and stable output of EA stimulation, is suggested to be positively correlated with muscle growth. Compared to manually administered traditional acupuncture, it is more convenient and manageable. Takaoka et al. [34] demonstrated that EA treatment induces a satellite cell-related proliferative reaction in non-atrophic skeletal muscle via the suppression of myostatin expression. Using a senile mouse model, this study uncovered the effectiveness of EA therapy to prevent age-related muscle atrophy . In another investigation, the muscle mass in the EA group was greater than in the control group after 8 months, with a significant increase in related protein synthesis of rat muscle protein [18] . Despite the limitations of human experimentation regarding muscle dry weight, changes in soft tissue can be detected intuitively with BIA; thus, its reliability has been examined in different a variety of patients [35, 36] .
Compared with young people, the elderly have lower protein synthesis and require more protein intake to accelerate skeletal protein synthesis; an unreasonable dietary structure for elderly people would be the induction of a change in body composition, accelerating fat growth and loss of muscle [13] . High TNF levels are caused by increased fat mass, which affects protein metabolism directly [6] . According to the present research, correcting dietary composition and supplementation with EAAs could be important for the maintenance and increase of muscle mass. In China, it is proposed that high-quality protein of biological value should comprise half of the daily diet [37] . In fact, raising the ratio of leucine in the diet (>2.8 g) can effectively improve skeletal protein synthesis in older people [38] . Supplement of branched-chain amino acids (BCCA; containing leucine, valine, and isoleucine) increases nitrogen retention and protein synthesis, and raises the flow rate of nitrogen in skeletal muscle [39] . In muscle proteins, BCCA comprises 35% of EAAs, which is absorbed by the thigh muscle directly during exercise.
IL-6 is considered to be a key inflammatory factor, which is highly expressed in obese subjects and is produced by macrophages that have infiltrated fat tissue [40] . Inhibition of lipoprotein enzyme activity is caused by IL-6, which leads to lipid deposition in fat tissue. The possible mechanism for the decreased body fat after EA may be a decline of IL-6 expression as shown in animal experiments [41] .
In our study, EA + AA combination therapy was superior to AA monotherapy as EA and EAA supplementation trigger different mechanisms with regard to reversal of muscle atrophy. EA stimulates muscle cells via electrical signals, while EAAs produce chemical signals to reverse aging-related atrophy. The effect can be maintained for several months after EA with the administration of EAAs. During the experiment, some participants retreated because of the unbearable discomfort of EA (sore, swelling, pain), which provides a research prospect for noninvasive acupuncture point stimulation in SO. In consideration of the changes in hormone levels of elderly women, which may differentially affect the metabolism of muscle and fat, the study did not include female participants, which may affect its clinical application. We suggest conducting a study in a female patient population to determine whether or not the observed results can be sustained.
Conclusion
EA with oral EAA supplementation significantly decreased fat mass and increased muscle mass in elderly SO participants. EA has an important practical application in combination clinical management of SO because combined therapy increased muscle mass in a shorter time than oral AA only.
